This study was conducted to examine the sensory attributes, gingerol content and volatile components of ginger paste resulting from microbial fermentation. In the ginger samples, a total of eighteen attributes were determined to characterize the sensory attributes from descriptive analysis. These eighteen attributes consisted of the following: one appearance, eight odor/aroma, eight taste, and one aftertaste attribute. The ginger fermented using Lactobacillus plantarum produced a ginger aroma and putrid taste, whereas the sample fermented with Lactobacillus brevis showed a decreased ginger aroma and taste, and generated a lemon flavor. A total gingerol content of fresh and fermented ginger was 100.19 mg% and 89.55 mg%, respectively. Sixty-one volatile components in the fresh and fermented ginger were identified, and constituted eight kinds of monoterpenes, twenty-one kinds of sesquiterpenes, eight kinds of oxygenated monoterpenes and nine kinds of oxygenated sesquiterpenes. The most abundant volatile component identified in the fresh ginger was α-gingerberine (26.52%), whereas fermented ginger was increased in its alcohol components.
INTRODUCTION
Ginger is the rhizome of Zingiber officinals Roscoe (Zingiberaceae), a plant cultivated in tropical and subtropical countries. As a spice of commerce, valued for its distinctive flavor and taste properties, ginger is widely consumed for both cooking and medicinal purposes. In particular, the herbal essential oil of ginger is used in traditional medicine for colds, headache, diarrhea, back pain and arthritis, and is used as a remedy for mental fatigue (1, 2) . Fresh ginger, harvested in a domestic province, is commonly stored in a crypt until the next harvest season The optimum conditions for storing fresh ginger are 13～15 o C and 85～95% relative humidity (RH). It is difficult to maintain the optimum storage conditions for fresh ginger in the crypt. If these optimum conditions are not met, a high decay and germination ratio in the fresh ginger occurs (3) . Therefore, ginger has to be maintained at the optimum temperature and humidity to prohibit mold, contraction and softening (4) .
To solve the these problems of fresh ginger storage, alternative approaches to improve shelf life, such as cleansing, chilling, freezing and drying ginger have been studied. Kim and Lee (5) reported that one of the methods for long term storage of ginger is freezing. This research on freezing was performed to evaluate the effect of storage temperature and packaging methods on the quality of frozen ginger. Shin et al. (6) reported the absorption characteristics of ginger powder under different drying methods. Seo et al. (7) and No et al. (8) reported flavor components of dried ginger. Previous studies on the volatile components of fresh ginger and quality characteristics of minced ginger have been reviewed (9) (10) (11) (12) . Some researchers also reported the freezing storage temperature and time associated with color, off-odor and acceptability of ginger (13) (14) (15) (16) . Ginger has been used in many favorite foods, such as teas, vinegars, sugar pickles, and ginger Yukwa (a traditional Korean snack). Some consumers dislike the strong flavor and taste of ginger and reject or refuse food containing ginger. Therefore, some manufacturers want to reduce or modify the distinctive odor and taste of ginger in processed ginger products (17, 18) .
To improve the odor and taste of fresh ginger, this study investigated the sensory evaluation, gingerol content, and volatile components of microbial fermented ginger.
MATERIALS AND METHODS

Materials
Ginger harvested in the central region of Korea in October 2009 was purchased at Susan agricultural cooperative. Fresh ginger was cleaned and minced with a blender (Dong-A Ozka, Gimhae-si, GyeongsangnamDo, Korea) and 100 g samples were packaged and sealed in the nylon/polyethylene bags. The vacuum-packaged samples were pasteurized at 70 o C for 20 minutes to inhibit uncontrolled microbes without degradation of ginger quality.
Ginger fermentation conditions
The pasteurized samples were inoculated with a 1% microbial strain and cultured for two to three days at 30 o C. Microbial strains were activated in MRS broth with 20% ginger juice. The five microbial strains were purchased from the Korea Center for Microbial Retention (KCCM) and included three kinds of lactic acid bacteria (Lactobacillus plantarum KCCM 12116, Lactobacillus brevis KCCM 35464, Leuconostoc mesenteroides subsp. KCCM 40709), one kind of yeast (Saccharomyces cerevisiae, KCCM 11353, 11306), and commercial strains of dairy products (ABT, Lactobacillus acidophyllus 30%, bifidobacterium longum 35%, Staphylococcus thermophilllus 35%).
Sensory evaluation
The samples were prepared for analytical descriptive analysis according to the following procedure: fresh minced ginger and fermented ginger (30 g) were placed in a beaker and heated and 300 mL of distilled water (80 o C) poured into the beaker. The beaker was placed in an 80 o C shaking water bath at 30 rpm for 10 min. Samples were filtered with a coffee filter. The filtered ginger tea was poured into a warmed glass to maintain the temperature until the sensory evaluation started. Just before evaluation, the ginger samples (approximately 30 mL samples) were given to the individual panelists in a 50 mL tasting glass. At the time of the evaluation, the temperature of the samples was approximately 50 o C. The samples were coded with three-digit random numbers, and distilled water was provided to rinse the palate between samples (17) . Twelve panelists (25～40 years old) from the Korea Food Research Institute participated in the sensory descriptive analysis of the fermented ginger samples. The panelists were selected using a screening procedure which was based on a basic taste sensitivity test. The basic taste test for the screening consisted of 4 sets of triangle tests that discriminate between the 4 basic tastes. Each candidate performed 2 replicates of the 4 triangle tests and 8 people (25～40 years old) who correctly answered more than 70% of the tests were first selected as panelists. The panelists were exposed to various fermented ginger samples, generated sensory descriptors for each sensory attribute, and defined them in consensus. They then selected physical reference samples for the sensory descriptors for further concept alignment on the selected sensory attribute. The intensity of all the selected sensory attributes were evaluated on five point scoring tests, where 1='weak', 3='moderate', 5= 'strong'. The sensory evaluation was conducted in individual booths, the participants rinsed their mouth once with the filtered tap water before tasting each samples, and the samples were evaluated 4 times in each session. Each session took approximately 30 min. Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences). Duncan's multiple range tests were applied, with a probability (p) level of 0.05 indicating significance.
Gingerol analysis
The ginger paste (5 g) and 20 mL of ethanol were placed in a round-bottom glass and treated with ultrasonication (JAC Co., Hwaseong-Si, Korea) for one hour. After filtering, samples were concentrated and dissolved in 10 mL methanol. Samples filtered with a 0.2 μm filter (Millex-HN, Millipore, Bedford, MA, USA) were used for thin layer chromatography and high performance liquid chromatography analysis (19) . A TLC plate of silica gel 60 G-254 (Merk Co., Demstadt. Germany) and an n-hexane : diethyl ether (1:1.5, v/v) developing solvent were used. After the run, the spots were visualized by heating the plate to 180 o C for 10 min. In addition, the ginger extracts were analyzed on an HPLC system (JASCO, Tokyo, Japan). Chromatographic analysis was performed on an XTerra TM RP18 column (5 μm, 150×4.6 mm id., Waters, Milford, MA, USA) with a gradient mobile phase. The mobile phase for analysis was water with 2% acetic acid (A) and methanol 100% (B). The HPLC operating parameters were as follows: 20 μL injection volume, 0.8 mL/min column flow rate, 20 min chromatographic run time, and 282 nm UV (20, 21) . The gingerol content of each sample was converted from the standard curves of 6-gingerol, 8-gingerol, 10-gingerol and shogaol (Sigma Co., Milwaukee, CA, USA). The tests were repeated more than 3 times to obtain the standard value.
Volatile components analysis
One hundred grams of the ginger paste were mixed in 600 mL of distilled water and the internal standard for quantitative analysis of n-butyl benzene 2 μL (1702.8 μg, Aldrich, CA, USA) (22) . Each sample was extracted in a distilled n-pentane and diethyl ether mixture 100 mL (1:1, v/v) for two hours under atmospheric pressure. Extraction was performed using an improved steam distillation continuous extraction device (Likens & Nickersontype simultaneous steam distillation and extraction apparatus, SDE) for the volatile flavor compounds of ginger samples. The extracts were dehydrated over anhydrous 
RESULTS AND DISCUSSION
Descriptive analysis of fermented ginger A total of 18 distinctive attributes, based on appearance, odor/aroma, taste and aftertaste, were generated to characterize the sensory properties of the fermented ginger for the descriptive analysis. More specifically, they were 'brownness' of appearance, odor/aroma attributes of 'ginger', 'sweet', 'sour', 'lemon', 'floral', 'grassy', 'moldy/earthy', and taste attributes consisting of 'ginger', 'hot (pungent)', 'bitter', 'sweet', 'sour', 'lemon', 'putrid', and 'moldy/earthy' as well as 'astringent' aftertaste. Lee et al. (17) reported that ginger tea samples had seven kinds of odor/aroma attributes (including ginger, cinnamon, hot, and earthy) and eight kinds of taste attributes (including hot, sour, astringent, and bitter). However, in this study, there appeared different odor/aroma attributes on the fermented ginger samples, including floral, lemon, and putrid. The description for the attributes with the reference samples are given in Table 1 . The samples also seemed to exhibit different intensity of sensory attributes, such as odor/aroma, flavor, and taste according to the strain of microorganism used for fermentation (Table 2 ). In the ginger fermented with Lactobacillus plantarum, the strong ginger flavor was reduced and sour flavor was increased. The sample fermented with Lactobacillus brevis had reduced strong ginger flavor, while lemon and floral flavors appeared. The sample fermented using Leuconstoc mesenterides had a reduced strong ginger flavor, but increased sour odor/taste. With the commercial microorganism strains, the sour flavor/taste was increased while the earthy, moldy and ginger flavor/tastes were maintained. Additionally, there was such an increased putrid flavor, the participants could not taste the sample. Sung et al. (18) reported that ginger tea has a problem with developing of consumer acceptability. They also reported that consumer acceptability of ginger products depends on the strength of the aroma and taste of ginger. Most of panelist stated that, while ginger has good health benefits for them, commercial ginger products have a low frequency of uptake because of the strong ginger odor/aroma and taste. Thus, this study shows a possible way to increase ginger consumption by altering its taste through fermentation.
Gingerol content and volatile flavor components of fermented ginger
Ginger is one of the important spices of commerce, valued for its aroma and pungency. The aroma of ginger is contributed by its volatile essential oils, while pungency is mainly due to phenolic ketones known as gingerols and shogaols. Gingerols are the major pungency components of the fresh ginger, and the major constituents of gingerols have been identified as 6-gingerol, 8-gingerol, 10-gingerol and 6-shogaol (19, 20, 29) . In this study, we evaluated gingerol contents and volatile flavor components in the fresh and fermented ginger. The gingerol pattern of ginger samples was analyzed by thin layer chromatography and high-performance liquid chromatographic (HPLC) analysis. Fig. 1 is a representative TLC pattern of gingerols extracted from fresh and fermented ginger. Compared to the ginger samples and standard 6-gingerol, 8-gingerol, 10-gingerol, the gingerol bands were not clearly separated. In particular, fermented samples showed different bands (Fig. 1 , circle part) compared to the fresh ginger sample. Results of ginger content by HPLC show that fermented ginger has a lower gingerol content than fresh ginger (Fig. 2 ). There were 56.62 mg% of 6-gingerol, 8.89 mg% of 8-gingerol, 34.68 mg% of 10-gingerol in the fresh ginger, while there were 55.33 mg% of 6-gingerol, 8.82 mg% of 8-gingerol and 25.50 mg% of 10-gingerol in the fermented ginger. Shogaol was not detected in either the fresh and fermented ginger. Regarding gingerol, it has been reported that it changes easily into zingeron by high temperature, acid, alkali conditions (28) . The results of this study indicate fermentation induces gingerols to be converted to other components. The volatile components of the ginger samples were analyzed of by gas chromatography/mass spectroscopy analysis (Fig. 3, Table 3 ). The results of the chromatogram show different components in the fresh and fermented ginger. Identified components include a total of 61 compounds: eight kinds of monoterpenes consisting of ten carbon compounds, such as tricylene, α-pinene, camphene, 2-β-pinene, 1-phellandrene, d-limonene, sabinene, α-terpinolene, twenty-one sesquiterpenes consisting of 15 carbons such as α-copaene, 1,3-cyclohexadiene, β-elemene, aromadendrene, β -sesquiphellandrene, trans-β-farnesene, germacrene-D, α -zingiberene, γ-curcumene, β-bisabolene, E,E-α-farnesene, δ-cadinene, 7-epi-α-selinene, α-curcumene, germacrene, 1H-cyclopropa[a]naphthalene, epizonarene, 1H-3a,7-methanoazulene, α-amorphene, δ-selinene, italicene etc. were identified, also, 8 kinds of oxigenated monterpenes were identified, such as eucalyptol, linalool, 3-cyclohexen-1-ol, Z-citral, borneol, 2,6-octadienal, nerol, 3,6-octadien-1-ol, geraniol and nine species of oxygenated sesquiterpenes such as farnesol, elemol, sesquisabinenehydrate, (+)β-isobicyclogermacrene, α-cadinol, α-eudesmol, β-eudesmol, ledene, and 2,6,10-dodecatrienal. The functional groups identified include 30 kinds of hydrocarbon species and 14 kinds of alcohol groups. In the C10H16  C10H16  C10H16  C10H16  C10H16  C10H16  C10H16  C10H18O  CS2  C10H16  C8H14O  CS2  C15H24  C10H18O  C15H24  C15H24  C11H22O  C10H18O  C15H24  C15H24  C15H24  C10H16O  C10H18O  C10H18O  C15H24  C15H24  C15H24  C15H24  C10H16O  C15H24  C15H24  C15H24  C15H22  C6H10S3  C10H18O  C10H18O  C15H24  C10H18O   C15H26O   C15H26O  C15H26O  C15H24  C15H24  C15H24  C15H24  C15H24O  C15H25O  C15H24  C15H24  C15H26O  C15H26O  C15H26O   C15H24O  C15H24O  C15H24  C10H16O2 (9) reported that the major volatile components of ginger were hydrocarbon and zingerberine. This study showed similar results for major ginger components, with the exception that γ-curcumene added an OH-group to zingerberene in the fermented sample. While this study demonstrated the possibility that ginger's taste and aromas may be altered by fermentation in such a way that it becomes more palatable for general consumer acceptability, further research is necessary to create increased interest in ginger-based products.
